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The treatment of abdominal aortic aneurysms
(AAAs) with stent graft techniques has gained wide-
spread popularity since its development by Parodi in
1991.1 Multiple centers have established the safety
and the feasibility of this procedure for both the
tube and the bifurcated grafts.2-10
Moore et al6 have reported on the first 46
patients who were implanted with the Endovascular
Technology stent graft device, which is involved in
an FDA-approved clinical trial. The 2 major long-
term device-related and procedure-related complica-
tions were stent fractures, which occurred in 23% of
the patients, and endoleaks, which occurred in 44%
of the patients. Of the endoleaks, 53% had a sponta-
neous closure. The stent fracture problem has been
corrected with a modification by the manufacturer
in the stent hook design. However, the endoleaks
remain a significant problem. Matsumura et al11
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Purpose: The purpose of this study was to compare the accuracy of a color duplex ultra-
sound scan (CDU) to a computerized axial tomography scan (CT) in the diagnosis of
endoleaks after stent graft repair of abdominal aortic aneurysms.
Methods: The Endovascular Aneurysm Clinical Trial Core Laboratory records were
reviewed from 117 concurrent CDU and CT studies that were performed in 79 patients
who were implanted with the Endovascular Technologies stent graft device between
December 1995 and January 1997. All of the studies were interpreted by the Core
Laboratory as having the presence or the absence of an endoleak or as being indetermi-
nate because of technical factors. Of the 117 videotaped CDU studies available for re-
examination, 100 were reassessed for technical adequacy on the basis of the following
criteria: a satisfactory imaging of the aneurysm sac and of the stent graft with gray scale,
and both color and spectral Doppler scan evaluation for endoleak outside the endograft
and within the aneurysm sac.
Results: Of the 117 studies, 103 CDUs (88%) and 114 CTs (97%) were recorded as hav-
ing the presence or the absence of an endoleak and 14 CDUs (12%) and 3 CTs (3%) were
indeterminate. For the studies that were recorded to have the presence or the absence of
an endoleak, the sensitivity, the specificity, the positive and the negative predictive val-
ues, and the accuracy of CDUs as compared with CTs were 97%, 74%, 66%, 98%, and
82%, respectively. Of the 100 CDU videotaped studies available for review, the follow-
ing results were seen: (1) 93 CDUs had satisfactory B-mode images, (2) 76 had satis-
factory color Doppler scan images to evaluate for endoleaks, (3) 55 had color Doppler
scan assessment of the entire abdominal aortic aneurysm sac for endoleak, and (4) 27
had spectral Doppler scan waveform confirmation of suspected endoleaks. Only 19 CDU
studies (19%) with all 4 criteria for complete assessment of endoleak were performed. 
Conclusion: Although most of the CDU studies were technically suboptimal, the CDUs
reliably identified endoleaks with an excellent sensitivity and a negative predictive value
as compared with CT scans.  (J Vasc Surg 1998;28:657-63.)
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showed that the endoleaks that did not seal were
associated with an increase in the AAA diameter at 1
year as compared with a decrease in size for the
patients with no endoleaks or with endoleaks that
sealed. Unsealed endoleaks theoretically would
expose patients to the continued risk of rupture
from the AAAs, and there have been several case
reports of ruptured AAAs after stent graft repair.2,12
The endoleaks can originate from the superior or
the inferior stent attachments, the inferior mesen-
teric artery (IMA), or the lumbar arteries (Fig 1).
The latter 2 sites are commonly referred to as
“branch” leaks, collateral leaks, lumbar leaks, or type
II leaks. Diagnoses have currently been made pri-
marily with contrast enhanced computerized axial
tomographic scans (CTs) when the contrasts are pre-
sent outside the lumens of the grafts but within the
aneurysm sacs.6,8-11,13,14 The role of color duplex
ultrasound scan (CDU) is less clear, and its applica-
tion has not been widely applied or accepted. The
goals of this study were to determine whether CDUs
could accurately diagnose endoleaks as compared
with CTs, to review the quality of CDU studies
being performed in the Endovascular Aneurysm
Clinical Trial (EnACT) for stent graft repair of
AAAs, and to develop an optimal CDU protocol to
diagnose endoleaks.
METHODS
The EnACT Core Laboratory records were
reviewed from 117 concurrent CDU and CT studies
that were performed in 79 patients who were
implanted with the Endovascular Technologies stent
graft device between December 1995 and January
1997. All of the studies were evaluated by the Core
Laboratory for endoleak and interpreted as having an
endoleak present or absent or recorded as an indeter-
minate study as a result of technical factors. The
interpretation of all CDU and CT scans was blinded
to all concurrent and prior studies. The data were
entered into a computerized database and analyzed
for diagnostic accuracy of CDU studies as compared
with CTs. The CTs were obtained according to study
protocol. A scout CT was obtained without contrast
to identify the superior mesenteric artery. This 
was followed by a contrast enhanced CT with 
3-mm–thick slices from above the superior mesen-
teric artery to the level of the profunda femoris and
the superficial femoral artery. No delayed images
were required with the study protocol. The CDUs
were performed according to the study protocol,
which included the evaluation of the flow through
the endograft, the perigraft flow, the renal and the
iliac arterial flow, the maximum diameter of
aneurysm, and the presence of branch vessel flow.
Of the 117 CDU studies, 100 videotaped stud-
ies that were performed at 18 different centers on 74
patients were available for review. Because of the
anatomy of the aneurysm stent graft repair and the
location of the endoleaks, we feel that several impor-
tant aspects are essential to a complete examination
of the aneurysm sac with duplex scan imaging. On
the basis of our own experience and from a review of
the Core Laboratory duplex scan imaging tapes, the
following 4 criteria were developed to determine
whether an adequate study had been performed to
evaluate for endoleaks:
1. A satisfactory B-mode image of the AAA sac and
the stent graft.
2. The satisfactory use of color Doppler scan imag-
ing without an excessive overgain or undergain.
3. A color Doppler scan assessment of the entire
AAA sac outside the graft in both the transverse
and the longitudinal views to screen for
endoleaks.
4. The use of spectral Doppler scan waveform
analysis outside the graft and within the AAA sac
to confirm or reject potential endoleaks suggest-
ed with color Doppler scan assessment.
Each of the CDU studies were assessed for these
4 criteria.
RESULTS
The comparison of the endoleak diagnoses from
the 117 concurrent CDU studies and the CT stud-
ies are shown in Table I. A Core Laboratory inter-
pretation for having an endoleak present or absent
was obtained in 103 CDU studies (88%) and in 114
CTs (97%). The 14 indeterminate CDUs were
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Fig 1. Diagrammatic picture of endoleak sites.
caused by a suboptimal imaging technique. The 3
indeterminate CTs were caused by unsatisfactory
contrast administration in 2 studies and by extensive
calcification in the third study. For the studies that
were determined to have an endoleak present or
absent, the sensitivity, the specificity, the positive and
negative predictive values, and the accuracy of
CDUs as compared with CTs were 97%, 74%, 66%,
98%, and 82%, respectively. 
In 18 studies (18%), the CTs and the CDUs
were conflicting for endoleaks. In 17 studies, the
CDUs showed endoleaks present and the CTs
showed endoleaks absent, and in 1 study, the CDU
showed an endoleak absent and the CT showed an
endoleak was present. All 18 CTs were reviewed
again and found to be technically adequate studies.
There were 16 CDU studies available for review.
When reexamination of the lone false-negative CDU
study was performed, the study did not meet our
proposed criteria for an adequate study because of
poor use of color Doppler scan. Of the 15 CDU
false-positive studies available for review, 8 did not
meet the proposed criteria for an adequate study and
7 were adequate for the evaluation of endoleaks (on
the basis of the criteria described).
Of the 100 CDU videotaped studies reviewed,
satisfactory B-mode images of the aortic graft and
AAA sac were present in 93 studies. The reasons for
poor B-mode imaging are shown in Table II. Of the
93 studies with satisfactory B-mode images, 76 stud-
ies (82%) had satisfactory color Doppler scan imaging
to reliably diagnose endoleak. The reasons for sub-
optimal color Doppler scan images in 17 studies are
shown in Table III. Excessive overgain was present
when the entire color box filled with color artifact.
Excessive undergain was present when no or minimal
color Doppler scan images were present in the aortic
graft. Of the 93 CDU studies with satisfactory B-
mode images, only 27 (29%) used spectral Doppler
scan to confirm or reject suspected endoleaks.
In only 19 of 100 CDU studies reviewed were all
4 criteria for a satisfactory CDU study met. The cri-
teria were satisfactory B-mode images, color
Doppler scan images, a color Doppler scan assess-
ment of the entire AAA sac, and the use of spectral
Doppler scan within the AAA sac to comfirm sus-
pected endoleaks. 
DISCUSSION
Multiple centers have now established the
endovascular treatment of AAAs with stent grafts as a
technically feasible procedure with acceptable mor-
bidity and mortality rates.2-10 Although the short-
term results appear effective, the long-term results still
remain unknown. One of the major problems after
stent graft repair of AAAs are the endoleaks, which
have been reported at a rate of 13% to 44%.3,6,8,9,13
The significance of the endoleaks was shown with sev-
eral studies that found that AAA size decreased in
time with no leak present but increased with the pres-
ence of an endoleak.11,13 The potential for rupture
exists, and in fact, there have been several case reports
of ruptured AAAs after stent graft repair.2,12 The reli-
able diagnosis of endoleaks will be essential in pre-
venting this complication in the future.
Currently, endoleaks have been primarily diagnosed
with contrast enhanced CTs.6,8-11,13,14 Although the
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Table I. Comparison of color duplex ultrasound
scan with computed tomography scan for diagnosis
of endoleaks
Color duplex ultrasound scan
Endoleak Endoleak
positive negative Indeterminate
Computed tomography scans
Endoleak positive 33 1 6
Endoleak negative 17 49 8
Indeterminate 1 2 0
Table II. Color duplex ultrasound scan assessment
for endoleak: B-mode imaging
Total no of studies reviewed CD studies (n = 100)
Satisfactory B-mode image 93 (93%)
Poor B-mode images 7 (7%)
Intestinal gas 3
Excessive patient movement 1
Poor instrumentation 3
CD, Color duplex ultrasound scan.
Table III. Color duplex ultrasound scan assess-
ment for endoleak: Color Doppler scan imaging
CD studies 
Satisfactory B-mode images (n = 93)
Satisfactory color Doppler scan images 76 (82%)
Suboptimal color Doppler scan images 17 (18%)
Excessive overgain in color box 6
Excessive undergain in color box 6
Excessive artifact caused by gas, movement, 5
or obesity
Color Doppler scan assessment of entire AAA  55 (59%)
sac outside graft for endoleaks
CD, Color duplex ultrasound scan; AAA, abdominal aortic
aneurysm.
CDU is less expensive, is rapidly available, avoids intra-
venous contrast and radiation, and appears to be an
ideal imaging method, there have been few compre-
hensive studies on its application for the diagnosis of
endoleaks.15 Previous reports on the EnACT trial have
only included endoleaks diagnosed with CTs and have
ignored evaluation with CDUs.5,6,11
An example of the capabilities of CDUs to diag-
nose endoleaks is shown in Fig 2. This patient
underwent AAA repair with an Endovascular
Technology aortic tube stent graft and was found to
have an endoleak at postoperative imaging. The
CDU revealed pulsatile color Doppler scan signals
confined to the mid-portion of the AAA sac, which
was well away from either the superior or the inferi-
or stents (Fig 2, A). The origin of the IMA from the
AAA sac was identified and found to be patent (Fig
2, B). The directionality of flow within the AAA sac
from posterior to anterior suggested that the origin
of the endoleak was from a patent lumbar artery
(branch leak) with outflow through a patent IMA
that had antegrade flow. The confirmation of the
endoleak was made with an arterial spectral Doppler
scan waveform signal outside the graft and within
the AAA sac in the suspected area (Fig 2, C). A CT
also showed the endoleak, which appeared to be a
branch leak from its location and extent within the
AAA sac (Fig 3). The flow directionality and
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Fig 2. A, Transverse view of color duplex ultrasound scan of endoleak. Leak is identified pos-
terior (blue, identified by double white arrows) and right lateral (red) to the graft. White arrow
points to anterior surface of graft. Black arrow points to anterior surface of aneurysm sac. 
B, Longitudinal view of color duplex ultrasound scan of endoleak. Leak is identified posterior
outside of graft (blue) and patent inferior mesenteric artery (IMA) origin (red and blue). Flow
through graft is also seen as blue color. White arrow points to anterior surface of graft. Black
arrow points to anterior surface of aneurysm sac. C, Color duplex ultrasound scan of endoleak
with transverse view with Doppler scan indicating flow posterior to graft in aneurysm sac
(black arrow). White arrow indicates anterior surface of graft.
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whether the origin was from the lumbar artery or
the IMA could not be determined from the CT. The
natural history and the significance of the flow direc-
tion and the characteristics in the branch vessels and
the high-resistance to-and-fro Doppler scan signals
are unknown and deserve further study.
The major disadvantages of the CDU are related
to the proper instrumentation and to technologist
dependency. In addition, satisfactory images cannot be
obtained in some patients because of technical inabili-
ty (eg, obesity or excessive intestinal gas). A review of
the CDU studies from multiple centers for the EnACT
stent graft trial revealed that most of the studies were
suboptimal in the evaluation for endoleaks. Although
approximately 90% of the studies were technically pos-
sible, as indicated with satisfactory B-mode images,
complete evaluation for endoleaks as outlined in the
methods described was obtained in only 19% of the
studies. The most glaring deficiencies were the failure
to assess the entire AAA sac with color Doppler scan
imaging and the failure to use spectral Doppler scan
waveform analysis outside the graft but within the
AAA sac to confirm suspected endoleaks. Although in
some cases, errors in technical settings could be iden-
tified (eg, poor gain or focal zone settings), most of
the incomplete CDU studies for endoleaks appeared
to be the result of a lack of a standardized protocol for
the technologist who performed the evaluation. The
application of a systematic protocol should improve
the accuracy for endoleak diagnosis with CDU tech-
nology. Others have shown improved sensitivity of
CDUs in identifying endoleak when intravenous ultra-
sound scan contrast agents are added to the study.15
Although not yet available in the United States for
routine use, these agents offer an exciting new dimen-
sion to duplex scan technology. On the basis of our
own experience and after review of the EnACT CDU
studies, a CDU protocol was developed to evaluate for
endoleaks (Appendix).
Despite the suboptimal technical quality of most
of the CDU studies reviewed for the evaluation of
endoleaks, the 97% sensitivity and the 98% negative
predictive value of the CDU studies as compared
with the CT studies were excellent, which make the
CDU a reliable noninvasive test for screening
patients for the presence of endoleaks. In fact, on
review, the lone false-negative CDU study probably
was interpreted erroneously by the Core Laboratory
and should have been an indeterminate study
because the aneurysm sac was not inspected ade-
quately with color Doppler scan. The poor specifici-
ty (74%) and positive predictive value (66%) and the
relatively high percentage of indeterminate CDU
studies (12%) were likely a result of the suboptimal
technical evaluation. This should improve with an
increased awareness and a standardized CDU
methodology to evaluate for endoleaks. With
improvements in the CDU imaging, some of the
false positives when compared with a CT imaging
may truly represent endoleaks. This was suggested
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Fig 3. Computed tomograpyhy scan of endoleak. Intravenous contrast is seen outside stent
graft and within aneurysm sac.
with the reexamination of the videotaped studies
with CDUs that showed an endoleak present and
CTs that showed an endoleak absent. This reexami-
nation showed about half of the CDU studies to be
technically adequate and of good quality to identify
endoleaks. If this is true, this would indicate that the
CDU is a more sensitive imaging method than the
CT. Heilberger et al15 also discovered that the CDU
could identify endoleaks from branch vessels that
were missed with a CT. This is not unexpected
because the CT will fail to detect some branch
endoleaks (IMA or lumbar artery) because of failure
of contrast circulation through the IMA or the lum-
bar artery into the AAA sac at the time of the imag-
ing. The CDU allows a real-time sampling of the
AAA sac and provides a dynamic rather than a static
picture. These advantages could potentially make
the CDU more reliable than the CT for the diagno-
sis of branch endoleaks and also for the evaluation of
the origin and the extent of the endoleak. Further
definition and characterization of the different types
of endoleaks could have important prognostic impli-
cations in predicting which endoleaks spontaneously
seal and which lead to an increase in AAA size.
Further studies are needed to resolve these issues
and to determine whether properly performed CDU
is equal or superior to the CT in the evaluation of
endoleaks after stent graft repair of AAAs.
CONCLUSIONS
Although most of the CDU studies were of inad-
equate technical quality, the endoleaks were identi-
fied with CDU with an excellent sensitivity and neg-
ative predictive value as compared with CTs. With
increased awareness and standardized methodology,
CDUs could potentially be equal or superior to CT
scans in an accurate diagnosis of endoleaks, which
thereby would allow a less expensive and noninvasive
technique to follow patients after stent graft repair of
AAAs.
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APPENDIX. PROTOCOL FOR COLOR
DUPLEX ULTRASOUND SCAN EVALUA-
TION OF ENDOLEAK AFTER AORTIC
STENT GRAFT REPAIR
All studies should be performed on a high reso-
lution duplex ultrasound scan system with color-flow
capability with technologists who are cognizant of
the stent graft structure, implantation site (aortic
grafts, aortobiiliac grafts, or aortouniiliac graft with
femorofemoral bypass grafting), and potential sites
for endoleaks (Fig 1). Low frequency (range, 2.25 to
5 MHz), curved array, phased array or mechanical
sector, and pulsed Doppler scan transducers are used.
Patients are studied after an overnight fast in the
supine position. The graft, proximal and distal stents,
and the abdominal aortic aneurysm (AAA) sac are
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imaged in B-mode, and size measurements of the
AAA sac are performed. The color Doppler scan is
added, and the settings are optimized to avoid exces-
sive overgain (ie, color artifact that completely fills
the entire color box) or undergain (ie, absence of
color flow within the aortic graft). The color box size
is adjusted to completely encompass the AAA sac but
not made so large as to encourage artifact. The entire
AAA sac outside the graft is assessed systematically by
color Doppler scan imaging in both sagittal and
transverse views. Perigraft leaks are suspected with
reproducible, pulsatile, color Doppler scan flow
images outside the graft and within the AAA sac. The
focus is directed at the following potential leak sites:
the superior and inferior stent attachments; the ante-
rior mid-AAA sac (inferior mesenteric artery); and
the posterior mid-AAA sac (lumbar arteries). A
power Doppler scan may be added to assist in the
detection of perigraft flow. Because spectral Doppler
scan waveform will differentiate true endoleaks from
color artifacts, all suspected endoleaks are evaluated
by spectral Doppler scan waveform analysis. The
presence of an arterial signal confirms the presence of
an endoleak. Color artifacts may result from low
color sensitivity settings so that pulsatility of the adja-
cent tissue is imaged as color signals. For all
endoleaks, location, flow direction, and extent of
AAA sac involvement are determined. An attempt is
made to identify the origin and direction of the flow
in the inferior mesenteric artery. In cases without evi-
dence of endoleak or inadequate color Doppler scan
visualization, a systematic sampling of the AAA sac
should be performed with spectral Doppler scan
waveform signals to evaluate for possible endoleaks.
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